Many everyday tasks involve successive visual-search episodes with changing targets. Converging evidence suggests that these targets are retained in visual working memory (VWM) and bias attention from there. It is unknown whether all or only search-relevant features of a VWM template bias attention during search. Bias signals might be configured exclusively to task-relevant features so that only search-relevant features bias attention. Alternatively, VWM might maintain objects in the form of bound features. Then, all template features will bias attention in an object-based manner, so that biasing effects are ranked by feature relevance. Here, we investigated whether search-irrelevant VWM template features bias attention. Participants had to saccade to a target opposite a distractor. A colored cue depicted the target prior to each search trial. The target was predefined only by its identity, while its color was irrelevant. When target and cue matched not only in identity (search-relevant) but also in color (search-irrelevant), saccades went more often and faster directly to the target than without any color match (Experiment 1). When introducing a cue-distractor color match (Experiment 2), direct target saccades were most likely when target and cue matched in the search-irrelevant color and least likely in case of a cue-distractor color match. When cue and target were never colored the same (Experiment 3), cue-colored distractors still captured the eyes more often than different-colored distractors despite color being search-irrelevant. As participants were informed about the misleading color, the result argues against a strategical and voluntary usage of color. Instead, search-irrelevant features biased attention obligatorily arguing for involuntary top-down control by object-based VWM templates.
Introduction
Many everyday tasks involve successive visual-search episodes with changing targets. Before writing a note you have to look not only for a pencil, but also for a piece of paper in your vicinity. Surprisingly, mechanisms of visual search have mostly been investigated by means of experiments with constant search targets throughout a series of search trials (Treisman & Gelade, 1980; Wolfe, 1994 Wolfe, , 2010 Zelinsky, 2012) . In this case, due to repetition of the same search target in each trial, a representation of relevant features of the target object can be recoded and retained in long-term memory (LTM, Woodman, Carlisle, & Reinhart, 2013) . If the target changes from one search episode to the next, as is the case in most everyday tasks, time might not suffice to recode a representation of the search target into an LTM template. Instead, a short-term memory (STM) also called working memory (WM) representation of the search target should be formed after target specification and maintained until the target is found (Woodman et al., 2013) . This working memory representation of the search target is often called search template (e.g., Olivers, Peters, Houtkamp, & Roelfsema, 2011) .
Experimental evidence differentiates between STM/WM-based search for trial-wise varying targets and LTM-based search for constant targets over trials. Firstly, searches for changing targets are less efficient than searches for a constant target (Bravo & Nakayama, 1992; Wolfe, Horowitz, Kenner, Hyle, & Vasan, 2004) . Second, there is evidence from human and non-human primate electrophysiology that STM and LTM representations of a search object differ. Woodman et al. (2013) measured contralateral-delay activity (CDA) while humans performed visual searches. The CDA is a relative negativity at parietal, occipital, and temporal electrodes that is supposed to indicate maintenance of visual representations in WM (Vogel & Machizawa, 2004) . Importantly, CDA activity stayed high throughout a series of searches with changing targets, while it decreased over the course of repeated searches for a constant target. Furthermore, in a monkey study by Rossi, Harris, Bichot, Desimone, and Ungerleider (2001), constant target searches were not affected by prefrontal lesions, while changing target searches
